Applying continuous improvement techniques in automotive OEM parts production: the Takata case by CAVA, MAURO
Applying continuous improvement
techniques in automotive OEM parts
production: the Takata case
Mauro Cava
Facoltà di ingegneria
UNIVERSITÀ DI PISA
This dissertation is submitted for the degree of
Laurea Magistrale in Ingegneria Gestionale
May 2015
UNIVERSITÀ DI PISA
Abstract
Facoltà di ingegneria
Laurea Magistrale in Ingegneria Gestionale
Applying continuous improvement techniques in automotive OEM parts
production: the Takata case
by Mauro Cava
This is where you write your abstract ...
iii
Contents
List of Figures v
List of Tables vii
1 CH1 Introduction 1
1.1 Takata Corporation and continuous improvement . . . . . . . . . . . . . . 1
1.2 Problem formulation and purpose . . . . . . . . . . . . . . . . . . . . . . . . 1
1.3 Delimitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2 CH2 Techniques and methods for Continuous Improvement 3
2.1 Multifunctional teams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2 Work Standardisation: a basis for Continuous Improvement . . . . . . . 3
2.2.1 Work Sequence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.2.2 Takt Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.2.3 Standard-in-Process Stock (SISP) . . . . . . . . . . . . . . . . . . . . 7
2.2.4 Implementing Standardised Work . . . . . . . . . . . . . . . . . . 8
2.2.5 Similarities between Standardization and Problem Solving . . . . 12
3 CH3 Tools for continuous improvement 15
3.1 Problem solving techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.1.1 Pareto analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.1.2 Ishikawa Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.1.3 Why-Why analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.2 Value Stream Mapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.2.1 Current State Mapping . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.2.2 Future State Mapping . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.3 Poka-Yoke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.4 5S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.4.1 Steps for 5S implementation . . . . . . . . . . . . . . . . . . . . . . 23
iv Contents
3.5 Focused Improvement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4 CH4 Managing Kaizen events 29
4.0.1 Description of CI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.0.2 Kaizen Events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.1 Characteristics of Kaizen Events . . . . . . . . . . . . . . . . . . . . . . . . 30
4.2 Role of the continuous improvement coordinator . . . . . . . . . . . . . 36
4.3 Value Stream Management Team . . . . . . . . . . . . . . . . . . . . . . . 36
5 Measure the value of CI 39
5.1 OEE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
5.2 Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
5.3 Changeover time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
5.4 Productivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
6 CH5 Kaizen Implementation strategy 41
6.1 TPM implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
6.1.1 Initial phases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
7 CH3 Description of Takata 45
7.1 History of the company . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
7.2 The steering wheels division . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
7.3 The Die Casting area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
7.3.1 Types of frames . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
8 Figures test 51
Appendix A A1 5S Standard 53
Appendix B A2 Installing the CUED class file 57
Bibliography 59
vList of Figures
2.1 The house of standardization . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.2 Process improvement through SDCA and PDCA cycles . . . . . . . . . . 5
2.3 Difference between SISP and WIP . . . . . . . . . . . . . . . . . . . . . . . 8
2.4 The three elements of work standardization . . . . . . . . . . . . . . . . . . 9
2.5 Example of Yamazumi chart . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.6 Interrelation between standardization and problem solving . . . . . . . 13
3.1 Typical Value Stream Mapping icons . . . . . . . . . . . . . . . . . . . . . . 17
3.2 Value Stream Mapping steps. The “Future-state drawing” is highlighted
because the main goal is to design and implement a lean value stream.
Notice that the arrows between current and future state go both ways,
indicating that development of this maps are overlapping efforts. . . . 18
3.3 Example of current state map for steering wheels production . . . . . . . 19
3.4 Red tagging activities during sorting activities . . . . . . . . . . . . . . . . 24
3.5 Organization of storage locations accordingly to 5S . . . . . . . . . . . . 25
3.6 Definition of locations for input and output . . . . . . . . . . . . . . . . . 25
4.1 Involvement of Upstream Suppliers and Downstream Customers in prob-
lem solving . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
4.2 PACE chart . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4.3 Example of PACE chart with prioritization bands . . . . . . . . . . . . . . . 34
7.1 Main parts of a steering wheel . . . . . . . . . . . . . . . . . . . . . . . . . 48
A.1 5S Standard for a final assembly workstation . . . . . . . . . . . . . . . . . 54

vii
List of Tables
3.1 Standardization and tools for continuous improvement . . . . . . . . . . 15
3.2 Elements of 5S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.3 Rules for items storing while performing a 5S workshop . . . . . . . . . 23
3.4 Example of cleaning schedule for 5S activities . . . . . . . . . . . . . . . 26
A.1 Example of Kaizen Event agenda in Takata . . . . . . . . . . . . . . . . . 55

1Chapter1
CH1 Introduction
1.1 Takata Corporation and continuous improvement
The factory in Romania was built in 2001 and it is actually the company’s head-
quarter for the steering wheels production in the globe. At the moment there are about
4500 employees in the Arad factory of which 3500 are working in the production area.
The Takata productivity has been rather low compared to competitors and the
necessity for real improvements in performance has come to a critical stage. The
company already use some lean production tools with good results but obviously
there is still room for improvement. Some initiatives have failed due to inadequate
involvement of operators, lack of resources or time. The teams involved in continuous
improvement initiatives include representatives from different departments such as
maintenance, logistics, quality, process engineering and, of course, production. The
major restriction identified concerning the implementation of continuous improvement
are:
• Factory layout limitations caused by lack of space and some fixed stations that
can not be moved, such as feeding pumps and foaming stations
• High personnel turnover which required continuous training effort and causes
process variability
• Lack of training and absence of proper methodology
•
1.2 Problem formulation and purpose
The factory is divided into 4 main production areas following the process flow: Die
Casting, Foaming, Leather Wrapping and Final Assembly areas. The activities described
in this thesis project took place between September 2014 and March 2015. Despite the
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relatively short period of time, a comprehensive approach for these has been developed.
This Master’s thesis is therefore supposed to illustrate a strategy and come up with
recommendation for the implementation in the manufacturing area. Introducing
continuous improvement in the manufacturing implies both the use and the actual
implementation of lean tools and techniques. This thesis looks at the application of
Continuous Improvement methods in an highly complex environment. The operations
are characterised by part complexity with more than 300 part numbers, scheduling
complexity with internal demand unpredictability and the need to accomodate new
product and process development, and process complexity with strict requirements
that stretch the capabilities of the processes. In addition, the company is affected by
an important personnel turnover which increases the efforts necessary to succeed with
such lean manufacturing techniques.
Increasing productivity and quality are both mutually interrelated to each other
which require continuous improvement in present working methods and environment
of industry. The approach followed during this thesis work is kaizen which means
improving the existing methods in a way to outline problems and to solve them through
a little but constant effort. Kaizen is known for incremental improvements but can
also be applied as a tool of corporate strategy of embracing lean manufacturing (Khan,
2011). The areas where the improvement efforts have been notable are Die casting
and Foaming, therefore the thesis work will be focused on them. The implementation
strategy has been suited on the area to be addressed so the techniques used may vary
as the order different tasks have been done.
1.3 Delimitations
The Master’s thesis is based on studies and activities carried out until March 2015
and does not consider the continuous improvement efforts that has been done after
that. The activities presented are delimitated to the manufacturing areas; deliveries to
the factory, warehouse and dispatches are excluded. The manufacturing areas includes
Die Casting and Foaming with the relative casting islands and the stations where the
frames are foamed, deliveries of materials to these workplaces and all kinds of internal
transportations.
The level of the thesis will be comprehensive, which means that the improvement
activities will follow a PCDA cycle where possible. Therefore detailed studies of specific
stations and flows will not be carried out for sake of simplicity and brevity. This
delimitations are made also for the lack of detailed information about each piece of
equipment.
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Continuous Improvement
The term “continuos improvement” focuses on producing value-added features while
identifying and eliminating non-value-added activities in the production environment.
The central focus of value should be on providing products with specific capabilities,
offered at a predetermined prices, through a dialogue with predefined customers. In
order to do so it is crucial to have an alignment between strategic goals and operational
activities.
2.1 Multifunctional teams
A multifunctional team consists of employees working together towards some com-
mon purpose whilst teamwork refers to an environment that encourages relationships
of trust, support, interdipendence and collaboration (Raveen and Shalini, 2011).
2.2 Work Standardisation: a basis for Continuous Im-
provement
Daily activities in a manufacturing organization should be performed accordingly to
agreed predetermined formulas. Then, when explicitly wrote, these formulas became
standards. Work standards and procedures includes checkoff lists, startup procedures,
maintenance procedures and inspections procedures to name a few. In short, can be
considered as “standards” all the procedures necessary to run the business and do it
efficiently and effectively (Wilson, 2010). They must be compliant to the following
principles:
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• Must be written in behavioral terms
• Must be auditable
A successful management system can be summarized through the expression:
maintain and improve standards. This process has to deal not only with complying to
actual technological and operational standards, but also with improving actual activities
in order to redesign new standards at a higher level. The Figure 2.1 expresses the
relation between standards and operational optimization activities in a manufacturing
company. Standardisation is basically an attempt to get all the employees who perform
some activity to perform it using the same skills level and actions. Its ultimate goal is
to eliminate the variation that exists in a process (Wilson, 2010). Having standardised
manufacturing operations means organizing and defining operator’s motion in order
to assure consistency and quality of the products, safely and efficiently.
Standardised work has two main advantages. Firstly it enables to define a clear
production method; in this way is easier to confirm processes and to define a basis
for workload balancing. Secondly, it allows the identification of inefficiencies and
waste (muda); in other words, it provides a stable base to improve processes and to
maintain the improvement (see Section 2.2.5). Anytime a production problem came out
(e.g. scrap or customer complaints), management has to identify the root cause, take
immediate countermeasures and finally change the working procedures to eliminate
the problem. This cycle is known as the Standardize - Do - Check - Act (SDCA) cycle.
When standards are implemented and operators work accordingly to them, the process
is under control (Imai, 2012). In this case the next step is to eliminate the “status quo”
and to set standards at a higher level; this activity is founded on the PDCA cycle.In
both cases the last stage “Act” has to do with standardizing and stabilizing the process.
Work standardization is also strictly linked to the definition of process’ objectives.
For example, if an increase in productivity by 10% is needed due to an important
customer order, operators should change their way of working (at least by speeding
up their tasks). In this case the actual standards must be revised through a kaizen
approach. In this condition, the “stage of maintaining” is overcome in favour of the
“stage of improvement”. Once the improvement condition is set, the management
has to deal with stabilizing the new procedures and a new stage of maintaining can
therefore start. The Figure 2.2 shows the way in which improvements in a company
are implemented through the combined usage of both SDCA and PDCA cycle.
A company, with particular reference to automotive industry, by implementing
standardized operation can achieve:
• Elimination of process fluctuations
• Stabilization of product quality
• Compliance to ISO TS 16949 requirements
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Figure 2.2: Process improvement through SDCA and PDCA cycles
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• Transparent internal audit activities
• Clear definition of process lead-time
• Identification of process improvement potential
• Simplified problem troubleshooting and fast reaction
• Optimization of training activities based on standards
Standardised work is made up of three key elements: work sequence, takt time and
standard-in-process stock (Liker and Franz, 2011).
2.2.1 Work Sequence
Work sequence specifies the correct order in which each step should be completed
to achieve the required quality standard in the most efficient manner. An unspecified
work sequence can lead to sequence changes between members, cycle time fluctuation,
hard to identify root cause of problems, missed operation, safety problems together
with other potential muda and a long reaction time.
2.2.2 Takt Time
Takt time is the pace at which parts should be produced in order to match the rate
of the customer demand and prevent overproduction which is the greatest of all wastes.
The equation for takt time in a work time interval t is the following:
Takt t imet =
Available work timet
Customer demandt
(2.1)
It is important to note that breaks should not be included in the calculation as well as
other planned downtime. After have obtained takt is possible to determine the number
of necessary operators in the production line:
Operatorst =
Total c ycle t ime
Takt t imet
(2.2)
When it comes to handle model mix levelling, if those models are referred to as
a family of products because they use many of the same parts and many of the same
processing steps, the takt equation remains unchanged. The complication in this case
is not that it must be calculated for each model; rather, it is setting up the cell so the
products can be produced simultaneously.
2.2 Work Standardisation: a basis for Continuous Improvement 7
Relation between Takt Time and Cycle Time
Cycle time has generally two main meanings, one referred to the product, one
to the process. Production cycle time is the time interval between two consecutive
products at the end of the production process. Process cycle time is the amount of time
the unit is processed in a given production step. In this last case, when each process
cycle time is the same, than the process is balanced or synchronized internally. In order
to stay also synchronized externally it must be synchronized to takt.
However there are some practical limitations behind this strategy since the line is
not always available to produce because of breakdowns, material shortages, defective
parts etc. Takt time is, in fact, a theoretical figure while the cycle time represents the real
time needed by an operator to perform his tasks. In the worst case, if the manufacturing
process would be designed to operate at takt, then each problem mentioned before
would result in a customer supply shortage and would require overtime production.
Hence, to avoid this problem, the desired cycle time should take into account the actual
equipment efficiency as following:
C ycle T imet = Takt T imet ×OEEt (2.3)
Based on what previously expressed, a measure of how “lean” is the system is the
difference between takt time and cycle time. The required extra production time is the
price of system’s losses.
This result underlines, once more, the importance of being focused on OEE and the
losses it embodies: quality losses, cycle time losses and availability losses. OEE is not
only a KPI, it is also a powerful and descriptive tool to spot wastes in the value stream.
Reducing losses associated to OEE means producing using less space, less manpower,
less raw material and less capital.
2.2.3 Standard-in-Process Stock (SISP)
One of the three elements making up standardized work is the minimum quantity
of parts always on-hand for processing in and between sub-processes. Keeping to
the concept of just in time, the parts between operations should be minimal. For
a continuous process, where parts move from one operation to the next, the target
in-process stock should be one piece. Based on the actual cycle time and type of
operations, this may not be possible. Generally, the better the line balancing, the less
parts that will be required between operations. The key here is to ensure that the
bottleneck process (slowest process) always has a supply of parts to process. Any lost
time here will be unrecoverable without overtime.
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While work in process (WIP) is a form of inventory, usually unfinished goods which
still require further work, assembly or inspection, SISP can be defined as the minimum
number of “in-process parts” required for operating standardized work, with the same
sequence and the same motions, with minimal “muda of waiting” (Figure 2.3). SISP is
especially required in case of automatic operations to enable the worker to be separated
from the automatic cycle. For manual operations SISP is usually not necessary.
The amount of SIPS for machine operations can be calculated as following:
SISP =
Machine c ycle t ime
Takt t ime
(2.4)
The quantity of SISP, which should strive to one piece, is influenced by:
• Work sequence (e.g. balanced lines)
• Material flow (e.g. transfer is needed, One Piece Flow not implemented)
• Process (automatic or manual)
• Number of operators
• Special process requirements (e.g. cooling or heating time)
sub process
1.1
sub process
1.2
sub process
1.3
WIP
Process 1
sub process
2.3
sub process
2.2
sub process
2.1
Process 2
SISP
Figure 2.3: Difference between SISP and WIP
2.2.4 Implementing Standardised Work
The key factors for a successful implementation of this method are:
• Thorough knowledge of the target process
• Good structure of documents
• Effective inductive training process about standards
• Involvement of operators in the definition of the standards
• Rigorousness in following the required steps for implementation
• Top management involvement
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Figure 2.4: The three elements of work standardization
Workshop for implementing standardised work
The tools used in defining a standard for a process are listed below:
• Job Element Sheet (JES)
• Work combination table
• Standardized work chart
• Yamazumi chart
• STD Work Record Sheet
Job Element Sheet It is a document specifically designed to define and to visualize
in detail the job content in order to follow the standard work and therefore achieve
safety, quality and productivity requirements. The JES describes in details each job
element and for each major step the key points are reported. Key points might be for
example inspections, special operation or safety warnings. Once all the job elements
(both manufacturing or assembly and quality checks) are identified, the document is
created in a way to be as much visual as possible to facilitate the understanding by
operators.
Work combination table It creates a clear image of the process in relation to the
time needed to be performed. Its aim is to relate the actual of cycle time to takt time
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so to show idle times or cycle times which are too long. Moreover, it visually shows the
chain of man and machine cycles (what is happening and when during the cycle time).
The WCT provides and excellent tool for the identification of abnormality within the
cycle by line management and to compare actual condition to the standard. When
properly used in kaizen activities, it gives a mean of comparing the before and after
conditions of any improvement to assess the implementation.
Standardised work chart It is a tool to show standard jobs, to find process problems
and to train workforce. In this document are visualized, on a scale plant of the work-
place, the operator movements and the location and quantity of SISP (Section 2.2.3).
Any key safety or quality check points is also highlighted.
When building up this document, it is important to use the correct scale and to
properly display each location in order to be used by supervisors for process design
and confirmation.
Yamazumi chart A Yamazumi chart is a visual tool used within lean manufacturing
to aid in cell design and continuous improvement. It consists in a stacked bar chart
that shows workload balancing between each operator (or process activity). Yamazumi
is a Japanese word that literally means “to stack up”. In order to show operator and
process cycle times, work tasks are here individually recorded and then categorized
as value-adding, non-value-adding or waste. In this way the potential savings for the
process are also visualized.
By building up this chart is possible to highlight current problems such as areas
where the operators are facing stressful levels of work (Muri overburden) whilst others
may be spending waiting time. Moreover, it enables to evidence where cycle time is
longer than takt time, if idle time exists and if there are fluctuations of cycle time. Its
main advantage is linking each problem to the relative operator or process step so it can
be practically used for both continuous improvement or line balancing activity. Process
steps can be then recomposed or deleted for optimization purposes or to balance the
target process.
To use the chart both takt and individual work element time should be known.
Previous time study activities are therefore needed. The best is to record a video of
each job activity to better understand each step and to perform comparisons during
implementation also between different shifts. Each process should be broken down
into small and manageable steps that can be timed and identified as being value-adding
or non-value-adding; non-value-adding but unavoidable tasks may be present. The
Yamazumi chart y vertical axis represents time, while the x axis is used to display the
number of operators (or each process step). Often, a target time (mean cycle time
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or takt time) is plotted to aid line balancing activities, the aim is to ensure that all
operators’ workloads fall below that time. The mean duration time of each task is
recorded and displayed within the bar chart onto pieces of different colour (usually
green for value-adding, orange for non-value-adding, yellow for non-value-adding but
unavoidable, red for waste as process failures) as shown in Figure 2.5. When stacking
these work elements on the chart for each operator, the ideal is to reach around 95%
of the target time Figure 2.5.
op
t
takt
time
clean ares
Mold parts
using lever
press
set next mold
prepare
mold mixt
insert in oven
load parts
stack parts
Stack parts
arrange
large parts
remove
molded parts
clean up
buff sides
Buff three parts
buff bottom
aside get next
buff sides
buff bottom
aside get next
realign
buff sides
buff bottom
aside get next
replenish mold
raw material
inspect first
component
Handle assembly
inspect second
component
insert pin
secure fastenr
insert spacer
secure fastenr
inspect
and aside
Mold parts
90%
10%
Stack parts
93%
7%
Buff three
52%
15%
20%
13%
Handle asm
33%
14%
53%
value-adding required non-value-adding waste
Figure 2.5: Example of Yamazumi chart
It is important to note that the chart should report the minimum repeatable ob-
served cycle time that is actually feasible and reliable. This cycle time should not
include abnormalities, it should permit a smooth rhythm of operations and it must be
sustainable by operators for the entire shift. Both the minimum and the average cycle
time should not be considered for the following reasons: the minimum CT implies
that all the variation and abnormalities can be totally eliminated from the process; the
average CT, on the other side, would mean accepting abnormalities and fluctuation.
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In case of operator workload exceeding target time on the Yamazumi chart basically
two options are possible:
• Elimination of non-value-adding elements of his work to bring below the target
time
• Reallocation of some work elements to an earlier or later operator in the process
This process can be repeated for varying takt times and numbers of operators or to
face seasonal demand patterns. The advantages of Yamazumi chart are listed below:
• It is simple. The chart is simple to be built and tells the story at a single glance
• It is visual. The reasons of delays are immediately pointed out and linked to the
relative task
• It is inescapable. By upgrading the chart, it represents a constant and perpetual
exhortation to continuous improvement
• It is public. It can be transferred on a visual board and displayed in the shop
floor to enhance competitiveness among work teams
• It pinpoints the real few opportunities. With reference to the Pareto Principle 20%
of all causes account for 80% of results and through the chart the key constraints
are spotted.
One of the most important aspects to consider when using yamazumi is that a
standardized way of performing the work is strictly necessary. There should not be
differences between operator A and operator B, nor should there be differences between
shifts. The work needs also to be carefully documented to clearly show exactly how
the work is conducted; this can be achieved through the use of Work Instructions.
2.2.5 Similarities between Standardization and Problem Solving
Consistency and stability is the first step toward process improvement. This means
that standardised work is a condition sine qua non for continuous improvement and it
is strictly interrelated to problem solving activities. In fact when a process is affected
by undesirable variability, it is a requirement that the causes of this phenomena must
be found and understood. This causes are also known as “special causes of variability”.
However, if the special causes create a desirable change in the process the proper
action is to standardize. An examples of a desirable change is when an operator put
an auxiliary tool out of its standard location in order to speed up his job. The logic
flow existents between problem solving and standardization can be seen in Figure 2.6.
In both problem solving and standardization it is therefore required to discover and
elimanate the root cause of variation from normal operating conditions. Consequently,
also the competences necessary to perform good problem solving overlap almost 100
percent with the skills needed for standardization (Wilson, 2010).
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Figure 2.6: Scheme of the interrelation between standardization and problem solving activities
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CH3 Tools for continuous improvement
The kaizen approach consists of observing a process to discover problems or op-
portunities for improvement. To do so, there are various techniques available. Most
of them are helpful for finding problem and its root cause. The use of these tools can
vary on the basis of different types of problems and objectives. Selection of the most
suitable technique is a necessary step to ensure a successful implementation of kaizen.
Table 3.1: Relation between standardization stages and tools for continuous improvement
Stage Tool Objective
Stabilization Why-Why Analysis
Ishikawa Diagram
One Point Lesson
Maintaining Autonomous Maintenance
5S
Poka Yoke
Layered Audits
Visual Management
Planned Maintenance
Improvement Focused Improvement
5S
Value Stream Mapping
Pareto Analysis
SMED
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3.1 Problem solving techniques
When dealing with a waste the primary target for elimination is not the waste itself
but it is the root cause of the waste. Root cause is defined as the foundamental reason
for the breakdown or failure of a process which, when properly resolved, prevents a
recurrence of the problem. Without the thorough use of problem solving techniques
the risk is to a) design suboptimal solutions that treat only the symptoms, b) resolve
only the problem partially or c) resolve the problem in the short term but allow the
waste to creep back because the root cause has not been found.
3.1.1 Pareto analysis
It is an important technique for selecting a critical problem among various problems
of an organisation. Sometimes it becomes impossible to solve out each and problem
due to lack of sources or time. In that situation the problems should be prioritised
and the major are need to be solved first so that the improvement can be achieved at
a higher rate. This technique works on the Pareto principle which is also known as
80/20 rule. According to this rule we can improve the efficiency of a process up to
80% by solving only 20% major causes.
The first step is to clearly define the goal of the analysis and to collect all the data
pertaining to factors that may be potentially affect the problem being investigated (Bass
and Lawton, 2009). These data need to be subsequently stratified and categorised
accordingly to how much they contribute to the problem. The next step is to create
a Pareto diagram in order to visualise those main factors and therefore concentrate
the efforts on activities with major impact. The Pareto chart is an histogram where
the horizontal axis shows the different factors, while the vertical line represents the
frequencies.
3.1.2 Ishikawa Diagram
This tool is used to find the root cause of a problem while providing a visual aid. It is
also called as “fish bone diagram” for its shape whose head represents the effect or the
problem to be solved and its bones represent the various categories of causes. Usually
brainstorming sessions are performed for the identification of all possible causes.
3.1.3 Why-Why analysis
The approach uses a systematic questionnaire technique to search for root causes
of a problem.
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3.2 Value Stream Mapping
A value stream is a collection of activities which can be value-added as well as
non-value-added. This activities are those in the overall supply chain including both
information and operation flow, which are core of any successful lean operation. Value
Stream Mapping is an improvement tool developed by Toyota to assist in visualising
through a set of objects the entire production process, representing both material and
information flow (Figure 3.1). The key benefit to value stream mapping is that it
focuses on the entire value stream to find system wastes and tried to avoid the pitfall
of optimising only local situations (Wilson, 2010).
Figure 3.1: Typical Value Stream Mapping icons
Value stream maps illustrate three major types of information: information flow,
product flow, and a timeline. This technique follows the steps shown in Figure 3.2.
Hence, the objective is to grasp the current condition by identifying all types of waste
in the value stream in order to take actions and eliminate them (Rother and Shook,
1999). Usually the upper portion of the map typically contains information flow (both
verbal and electronic). The bottom portion of the map depicts the macro-level process
steps for product flow.
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Select target
process
Current-state
drawing
Future-state
drawing
Implementation
plan
Figure 3.2: Value Stream Mapping steps. The “Future-state drawing” is highlighted because
the main goal is to design and implement a lean value stream. Notice that the arrows
between current and future state go both ways, indicating that development of this maps
are overlapping efforts.
3.2.1 Current State Mapping
After choosing the target process the first step is to draw a current state map to take
a snapshot of how things are being done actually. This is done by gathering information
directly on the shop floor. Drawing material flow on the current state map should
always start with the process that is closer to the customers and then working ones way
up to the upstream processes. At each process all the critical information are recorded.
These include lead times, cycle times, changeover times, inventory levels, number of
operators and, basically, every figure that has a bearing on processes and costs.
The information flow instead is drawn from right to left on the map and is connected
to the material flow previously drawn. The current state is integrated with a timeline
below the process boxes to indicate a) the process lead-time, which is the time required
from the start until its completion and b) the “value-adding time” which represents
the sum of actual processing time for each activity.. An example of current state map is
presented in Figure 3.3.
3.2.2 Future State Mapping
The next stage is to review what has been mapped in the current state map in order
to highlight the sources of waste while making target spots for improvement visible.
The future-state map is defined by minimizing and eliminating the various wastes
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identified in the actual value stream. Although this represents an ideal condition, it
will require the use of various techniques to tackle specific problem (e.g. reducing
set-up time by implementing SMED). Practically the future-state allows to define an
implementation plan that indicates what kind of tools are needed to address waste and
where they are needed in the process flow. The kaizen bursts on the future state map
illustrate only what improvements need to be implemented to realize the future state.
The Kaizen Team will be than responsible for choosing the most suitable lean tools.
3.3 Poka-Yoke
This techniques is based on the development of devices or actions which aim to
achieve zero defects and reduce the time lost for quality inspections. The word “poka”
means “involuntary error” and “yoke” comes from the verb “yokero” which means “to
avoid”. Therefore, apoka-yoke management strives for an error proofing system and
making the target process more robust.
One of the major benefits achieved through poka-yoke is to free the mind and the
time of an employee in order to concentrate his attention on value-added activities.
Poka-yokes are, in fact, especially used in inspection processes to achieve 100 percent
inspection minimizing the non-value-adding time. Behind this technique is the will
(which comes from a strong necessity for sake of huge additional costs generation)
to avoid any defective product. It is therefore important for the process engineers to
identify since the very early stages of the project the possibility to implement this kind
of solution. This can be achieved through the use of tools such as D-FMEA, P-FMEA or
Fault Tree Analysis.
Statistically, the most common sources of defects in a manufacturing process are:
• Omitted processing
• Machining errors
• Set-up errors
• Missing parts
• Wrong parts
• Opearation errors
Shingo and Dillon (1989), who formalised this concept as part of the Toyota Production
System, recognized three types of poka-yoke for detecting and preventing the above
mentioned errors in a mass production system:
1. The contact method identifies product defects by testing the product’s shape, size,
color, or other physical attributes
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2. The fixed-value (or constant number) method alerts the operator if a certain
number of movements are not made
3. The motion-step method determines whether the prescribed steps of the process
have been followed
Consequently, those kind of failures may be entirely avoided through the use of one of
the two types of inspection poka-yokes:
• Control poka-yokes. Equipment that can arrest (that is, shut down) the entire
process to prevent subsequent defects or isolate the product upon finding a defect
• Warning poka-yokes. Equipment that warn the operator via a light signal (andon)
or a sound
Generally these solutions are simple in terms of complexity and costs but very
effective. There are examples of poka-yokes that saved 10 thousands times the money
invested to develop them. Such a similar real case implementation, developed by the
author of this thesis, is discussed in
3.4 5S
5S is a workplace organization and continuous improvement system that lays the
foundation for all other lean improvement activities. It is the basis for an effective lean
company and provides a first, modular step toward serious waste reduction. Although
no one study shows that 5S is the basic tool of running lean, yet 5S is very good way to
help the company to reduce the wastes and enhance the profits. The 5S concept comes
from Japan, where, during the mid 1950s, Japanese manufacturing companies were
forced due to lack of resources, to develop a method which to make every scrap used
while wasting nothing (Dennis, 2007). In fact, the original purpose of 5S is to make
the workplace orderly to improve safety and effciency, reducing the product defects
rate.
Breyfogle (2003) describes that there were four activities in the Japanese system.
These activities, each beginning with the letter S, were:
1. Seiri (Sort)
2. Seiton (Set in order)
3. Seiso (Shine)
4. Seiketsu (Standardize)
After that a fifth activity was added called Shitsuke (Sustain) has been added they are
known as 5S (Table 3.2).
The 5S focuses on effective workplace organization and standardized work pro-
cedures. 5S classifies the work environment, reduces wastes and non-value adding
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Table 3.2: Elements of 5S
Step Japanese English Scope
S1 Seiri Sort Throw away all rubbish and unrelated materials
in the workplace
S2 Seiton Set in order Set everything in proper place for quick retrieval
and storage
S3 Seiso Shine Clean the workplace; everyone should be a jani-
tor
S4 Seiketsu Standardize Standardize the way of maintaining cleaningless
and locations
S5 Shitsuke Sustain Practice 5S daily through operators and man-
agement commitment
activities while improving quality, efficiency, and safety. These processes may increase
morale, create positive impressions on customers and increase productivity. In complex,
it is worldwide recognized how 5S implementation makes the company more profitable
and competitive in the market place through the following benefits:
• Support employees to practice self-discipline through involvment in 5S activities
• Put in evidence most of the muda in the shop floor. Recognizing waste is the first
step for their elimination
• Put in evidence inefficiencies such as scrap and over-stock
• Reduce the time required for motion which is a typical non-value-adding activity
• Allow to visually identify and to solve problems related to material shortages,
unbalanced operations, equipment failures, delivery delays
• Ensure visibility to quality problems
• Reduce operating costs
• Reduce the number of industrial accidents by eliminating sources of injuries,
dirtiness and unnecessary instruments
5S is not a system, or program that can be started and completed. It is a continuous
improvement process that provides a never ending methodology to continuously im-
prove operations. It has been proven to work in any business, every sector, all industries,
in any country and has been instrumental in changing the culture of organizations
worldwide.
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Table 3.3: Rules for items storing while performing a 5S workshop
Frequency Storage
Low usage (yearly) Central warehouse
Medium usage (monthly, weekly) Section’s closet
High usage (daily) Workplace
3.4.1 Steps for 5S implementation
S1: Sort
The first step of 5S implementation is sort (seiri). The purpose of sort is to classify
the items which are needed from those that are not needed, keep everything required
and eliminate everything else. While this step is performed, it is necessary to tag any
unnecessary items with information such as: the person who found it, date, where
it was found, reason for not being used, product disposition, quantity, value and the
general category of usage. This process of tagging is known as “5S Red Tagging”. Once
these activities are performed, the workplace becomes larger, and it is possible to save
money and place rather than pay for more construction. Sort creates the workplace
in which space, time, money, energy and other resources can be controlled and used
effectively.
A possible workflow for implementing this step is described below:
1. Gathering all the people who works in the area where the workshop is performed
and ask them to remove everything is not strictly necessary
2. Tag the unnecessary items with a “5S Red Tag” indicating source, frequency of
usage, responsible and disposal procedures for each of them (Figure 3.4)
3. Classification of all the items in terms of frequency of usage in order to store
them accordingly (Table 3.3)
4. Elimination of useless items
S2: Set in order
This step consists of putting everything in an assigned location so that it can be
accessed or retrieved quickly, as well as returned in that place quickly. Items that do not
belong to a given area must be took away. To run this step it is necessary to consider
three questions:
1. What do I need in my job?
2. Where should I locate this item?
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(a) Red tagging on a moulding machine (b) Example of red tag
Figure 3.4: Red tagging activities during sorting activities
3. How many of this item do I need?
By arranging items in the right place tools, jigs, fixtures etc. become noticeable,
detectable and easy to use. Accordingly, the searching time for tools is effectively
minimized while productivity increases. A possible workflow for implementing this
step is presented below:
1. Identification and classification of items, people, equipment
2. Organization of storage locations (Figure 3.5)
(a) assign a unique code to each location
(b) define and mark the area for each object
(c) define the maximum amount for every item (coloured visible limits)
3. Storage of every item in an assigned place accordingly to S1 (Section 3.4.1)
4. Optimization of the workplace:
(a) well defined input and output areas (Figure 3.6)
(b) reduction of unnecessary movements between operations
S3: Shine
Accordingly to this step cleaning must be done not only after working, but on a
regular schedule to remove dirt and dust from the workplace. This is extremely helpful
when it comes to notice problems early and to keep work areas in efficient operating
conditions. Moreover it helps to extend lifetime of equipment.
As Moulding (2010) suggests, all tools should be cleaned because part of the
purpose of the shine step is to expose problems. Trash and dirt may be obscuring worn
or frayed wiring. For example, oil buildup on a machine may indicate a leak or crack
in it that needs to be repaired or replaced.
This step can be achieved through the following activities:
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Item indicator
Placement
indicator
(a)
Max
Min
(b)
Figure 3.5: Organization of storage locations accordingly to 5S
Output
Input
Figure 3.6: Definition of locations for input and output
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Table 3.4: Example of cleaning schedule for 5S activities
DAILY CLEANING PROGRAM
Start End
Shift 1 14 : 25 14 : 30
Shift 2 22 : 55 23 : 00
Shift 3 05 : 55 06 : 00
Nr. Location Activity Responsible Tools Time Frequency
1 Work table cleaning operator wedge and cloth 2 min S
2 Neon cleaning operator wedge and cloth 1 min S
3 Floor cleaning operator broom and shovel 2 min S
1. Employees training. Everyone should participate to the cleaning program and
each operator should be an example for the others
2. Marking ways and areas with different colours
3. Definition of a daily and weekly cleaning program to be displayed at the work-
station in which are indicated (Table 3.4):
(a) responsible for cleaning activities
(b) when to perform cleaning
(c) duration of the cleaning
(d) details of the cleaning such as what and how to clean
S4: Standardize
This fourth step is about to keep the first three Ss as the standard required all
the time. Moreover, it helps the personnel to maintain the same way whenever they
perform their daily Ss compliance. Breyfogle (2003) describes that working manners,
tools and identification markings are standard and recognizable through the factory.
5S methods are applied consistently in a uniform and disciplined manner. In other
words, standardization brings the first three Ss into regular work duties.
The following workflow is needed to implement this step:
1. Creation of a visual system to monitor the implementation status
2. Creation of a 5S standard panel for each workstation (Figure A.1) and area in
which is specified:
(a) the standards to be complied
(b) the location for each item in the workstation
(c) the scheduled cleaning program
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S5: Sustain
This is the last step for 5S implementation but also the hardest one. The sustain
step is the most difficult because require continuously diligence (Moulding, 2010).
This step not only helps to accomplish the previous Ss daily but also to keep up the
increase of improvements. One of the most important activities to be performed is to
create which can provide actual data to the management in order to make informed
decisions. If well implemented, this step perhaps provides involvement and motivation,
increasing employees’ morale.
This step has to deal with performing internal audits The following activities are
necessary for a thorough sustainment of 5S:
1. Monitoring standards compliance continuously through the 5S standard panel
described before
2. Provide transparent communication and responsibilities:
(a) presentation of the evolution of the implementation by using different
channels such as info boards in the shop floor
(b) every employee is required to be responsible for implementing and improv-
ing 5S in his working area
(c) involvement of operators during 5S audits
3. Daily and monthly 5S audits:
(a) creation of a 5S checklist to be followed during audits
(b) monthly evaluation and comparison of the implementation level throughout
all the areas
Taken together, 5S means deployment of best practices and better workplace orga-
nization. This kaizen tool is not only a mean to increase profitability of the business
but also allow the company to reveal potential strengths and capabilities that were
hidden before (Imai, 2012).
3.5 Focused Improvement
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CH4 Managing Kaizen events
4.0.1 Description of CI
Kaizen is a Japanese word that means to take apart (kai = change) and put together
in a better way (zen = good). This change requires repeated applications of lean
principles and tools in order to design more effective and efficient processes (Martin
and Osterling, 2007).
The true purpose of kaizen is to humanize the workplace, eliminate hard work
(both mental and physical), and teach the workforce how to effectively solve problems
“as they arise”, by using a scientific and learn-by-doing approach.
4.0.2 Kaizen Events
A Kaizen Event, also referred to as a Kaizen Workshop, Kaizen Blitz, Breakthrough
Kaizen, or Rapid Improvement Event, is a powerful tool for accelerating improvement.
It’s a structured team activity designed to remove waste and implement improvements
in a defined work area or process, all within a few days (Martin and Osterling, 2007).
Kaizen Events are tactical, focusing on how to execute the strategy, utilizing the
people closest to the work. This tactical focus is why properly executed Kaizen Events
solve problems quickly and succeed in consistently delivering sustainable results. The
approach relies on cross-func- tional teamwork, implementing improvements in real
time, and learning by doing.
Kaizen Events are also known in the literature as Accelerated Improvement Work-
shops. However the term Kaizen Event was coined by Vasilash (2000). Kaizen Events
create a structured environment in which teams learn how to identify waste and apply
specific lean tools to eliminate it. In this “learn-by-doing” environment, teams become
more comfortable with their authority to make improvements, and leadership learns
to let go of the tactical details for which frontline workers are best suited. Under the
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guid- ance of a skilled facilitator, Kaizen Events generate rapid results, relying on the
creative power of a cross-functional team to design and implement innovative ways to
perform work, often reaching breakthrough performance levels.
In addition to these directly measurable improvements, a wide variety of collateral
benefits exist that, while they may be tougher to measure, are equally important in
producing high-performing organizations. Enhanced job satisfaction results when
workers engage in more meaningful work with less stress. Kaizen Events also result in
better work- ing relationships between individuals and departments and the workforce
becomes more valuable to the organization.
Another reason Kaizen Events are so powerful is that they teach the organization
how to solve problems through the scientific approach of plan-do-check-act (PDCA),
one of the cor- nerstones of the Toyota Production System.
In the literature there are several papers which describe the impact of these events
on the company’s results. Many of these refer to productive indicators and consider that
continuous improvement contributes to improving physical productivity (measured as
pieces per operator or reduction of cycle time), the quality of products made or the
amount of stock necessary for the company. All the lean tools are usually presented
during a kaizen event. A Kaizen event may last from a minimum of one day until a
whole work week based on the complexity of the project to be developed.
When it comes to undertake a Kaizen event it should be kept in mind that a rigorous
approach must be followed such as PDCA; only in this way it is possible to implement
a real value-adding change in order to fight waste.
4.1 Characteristics of Kaizen Events
Executing an effective Kaizen Event requires firstly proper planning, a critical
success factor in determining the degree to which teams will achieve productive results.
Generally the following thirteen characteristics describes a Kaizen Event (Martin and
Osterling, 2007).
1. Value stream driven. The full value stream must be considered in order to avoid
sub-optimization of the processes. When processes are seen as a whole from
the customer’s perspective the possibility of creating new problems for workers
upstream or downstream is avoided. A future state value stream map (Section 3.2)
is a powerful tool for enabling a holistic view of customer value and minimizes
the risk of sub-optimization.
2. Total employee involvement. the primary members on Kaizen Teams are the people
who are working the process daily.It is known that in most settings, the people
doing the work know what needs to change. An important aspect of the kaizen
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1 2 3 4 5
Kaizen Event
Focus
External
Supplier
External
Customer
Downstream Internal
Customers
Upstream Internal
Suppliers
Figure 4.1: Involvement of Upstream Suppliers and Downstream Customers in problem solving.
For example if a Kaizen Event is planned to improve a process at step 3, the Kaizen Team
should include representatives from steps 1, 2, 4, and 5. In addition to these internal
suppliers and customers, often by including external suppliers and customers additional
benefits are provided.
philosophy is therefore to use measurable objectives and a learn-do model to
develop teamwork and build an improvement skillset in frontline workers, which
further increases organizational flexibility and responsiveness.
3. Cross-functional teamwork. Kaizen Events leverage the power of involving up-
stream suppliers, downstream customers, and subject matter experts, as well
as objective “outside eyes” in problem solving (Figure 4.1). Cross-functional
teamwork also ensures that improvements will benefit the entire value stream
and not just one work group or department.
4. 100% Focus. The Kaizen Event model requires a sequestered team, so they are
able to focus completely on the problem that they are trying to solve. Therefore,
leadership must relieve Kaizen Team members of their normal duties for the full
duration of the Kaizen Event. Sequestering makes a strong statement that the
organization is serious about improvement.
5. Short duration. Kaizen Events usually last for two to five days.
6. Aggressive objectives. To assist the team in achieving and maintaining focus,
measurable objectives must be set, based on what members believe performance
should be (based on customer expectations and market requirements) rather
than what the team thinks is possible.
7. Creativity before capital. Kaizen Events are low cost by design, guiding teams to
create effective change while leveraging existing resources (workforce, equip-
ment, software applications, etc.). This Kaizen Event characteristic produces
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rapid returns with little investment and creates more innovative solutions to most
problems.
8. Waste elimination. Kaizen Events place greater emphasis on eliminating non-
value-adding activities (and the relative eight wastes) than improving speed in
performing value-adding activities.
9. Rapid decisions. Kaizen Events are designed to include real-time, rapid decision
making by:
• collecting the necessary data before and during the Event
• using the cross-functional team’s various perspectives and time limitations
to drive quicker decision making
• obtaining real-time leadership buy-in through the use of interim briefings
10. Full implementation. Kaizen Event requires a skilled facilitator who can drive full
implementation of the team’s breakthrough improvements.
11. New process training. The training required to achieve full implementation during
a Kaizen Event is provided in a just-in-time manner. It may refer to lean tools,
new procedures or standards set during the Event.
12. Built-in sustainability. Kaizen Events address this issue in several ways:
(a) thorough current state analysis and clear improvement objectives
(b) total employee involvement
(c) real-time leadership and peer buy-in regarding changes
(d) the development and execution of a solid plan
13. Workforce development. A final characteristic of Kaizen Events is that significant
workforce development occurs at the same time the team is achieving results.
Within the Kaizen Event, the PDCA cycle is repeated several times, and each
time it’s employed, the team learns by doing. Further, the team learns new
problem solving techniques and how to apply specific improvement tools through
a train-apply-train-apply format.
Prioritize ideas
To ensure the team spends its time efficiently and avoids trying to take on too much,
the facilitator leads the team in prioritizing the improvement ideas they generated. The
PACE chart (Figure 4.2), is a simple and effective prioritization tool that provides a sys-
tematic way to rank ideas. Similar to other prioritization tools, the PACE chart consists
of four quadrants in which the Kaizen Team places its ranking for each improvement
idea, based on two criteria:
• How easy the team believes the improvement would be to implement
• To what degree they feel the improvement would benefit the organization
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Figure 4.2: PACE chart
PACE is an acronym for Priority – Action – Consider – Eliminate, which reflects
the order in which improvements should be implemented and/or eliminated from
consideration. Without this degree of structure, teams often wrestle with prioritization
and enter into extended debates, robbing them of the time they need to actually
implement the improvements.
Ease (y axis) includes issues, such as: cost, degree of leadership sup- port, com-
plexity, time requirements, competing priorities, anticipated workforce acceptance or
resistance to the improvement, customer perception, technical difficulty, and other
issues unique to the process and organizational culture. The team also evaluated each
improvement’s likely benefit (x axis) to the organization, in relationship to the Kaizen
Event objectives and the five primary aspects of organizational performance: quality,
cost, delivery, safety, and morale.
Select ideas
Once the improvement ideas or countermeasures have been placed on the PACE
chart, the prioritization “bands” must be drawn that group the items into four categories.
As shown in Figure 4.3, the ideas that fall into the “P” (priority) section are implemented
first because they are the easiest to adopt and have the highest anticipated benefit. The
next round of improvements would include those ideas in the “A” (action) section since,
although they have a lower anticipated benefit they, too, are easy to implement. Ideas
into the band “C” should be evaluated more closely to verify if the implementation
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Figure 4.3: Example of PACE chart with prioritization bands
is really as difficult as it seems to the team at a first evaluation. At the end, because
the ideas that fall into the “E” section would be difficult to implement and yield low
benefits, they should be eliminated.
At this stage of the Kaizen Event, the team now knows what specific improvements
deserve to be implemented.
Step 1: Selecting the line or process to be observed in the plant.
Here, the first step is to decide which is the target process and which are the objec-
tives of the project. Accordingly, an inter-functional team should be created together
with the area responsible and the continuous improvement coordinator. Usually the
internal customer and supplier representatives should participate also. It is important
to involve people at every level of the organization in order to grasp the current situ-
ation from more points of view. The problem solving groups should be educated in
problem solving and be given clear structures, standards, time and practices for how
to work in the groups. During a Kaizen event the hierarchic barriers are usually low
and everyone should feel free to propose his contribute to the analysis. It is important
that the members are motivated and feel that their work with problem solving means
something for them and the company as a whole, otherwise the group might find it
interesting in the beginning and successively get bored. Barker (1994) points at the
risk with motivated problem groups that do not have the necessary knowledge of the
value flow in the production. This kind of system is based on that the operators come
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up with suggestions and that the managers give them continuous feedback and some
sort of reward for good suggestions
Step 2: Initial diagnosis of the situation of the line selected. This diagnostic period
usually lasted 2 days, with the collaboration of a group of 4 or 5 managers from
different departments. During the visit, the measurements of the productive indicators
published in the lines and their date of publication were also noted, where present.
For occasional aspects, the head of quality control or maintenance was consulted for
comparison with the opinion of the head of production.
The second step is to gain the actual data necessary for a proper analysis of the
actual situation. Those data may refer to production volumes, customers, suppliers,
quality issues etc. Finally the agenda of the event must be created and shared with the
team. The Table A.1 reported a real case agenda for a single day Kaizen Event.
The following rules must be followed while performing the event:
• All the team members participate to all the activities: from cleaning the floor to
move equipment until analyzing data
• Safety first: if people from other areas of the organization are present, they must
be informed about specific safety requirements
• Respect the time schedule reported in the agenda
• Listen to others and have an open mindset
• Respect ideas and opinions coming from others, be interest to every proposal
without condizionamenti
• Decide with the consensus of all the participants..
Step 3: Development of the Kaizen-Blitz activities and action. A workshop dynamic
of 4-5 complete days duration is usually used, under the guidance of the continuous
improvement coordinator. Groups of 5 to 14 people participated in the workshops, half
of whom should be workers. The contents are selected in line with the needs detected
in the diagnosis. The workshop starts off by explaining the theory of the tools that are
going to used in the event and making sure that everybody thoroughly understand them.
These tools refer to the ones had already been introduced in Chapter 3. The workshop
participants are in charge of taking samples of the production indicator measurements,
accompanying them with photos or video recordings when it is considered necessary.
These data served to set out the initial value of the indicators prior to intervention of
the ad-hoc group. At the end of the workshop, the group is required to implement the
chosen improvements and to define an immediate action plan for further improvements
that would require the approval of the management. Finally, a date is agreed for follow-
up on the evolution of the indicators of productive efficiency. These data serve to
establish the final value of the indicators after the team’s intervention.
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Step 4: Drafting a report to reflect the summary of the activities, to be added to the
research database. Every gain that the continuous improvement work accomplishes
should be visualized in some way (Wallace, 2004).The managers should have some
kind of an overall measuring system that measures parameters like suggestions per
employee, number of employees working with quality and control work, savings and
benefits from suggestions etc. These figures act like indicators for the managers for
how the continuous improvement work is proceeding but above all the figures shows
the employees what they can accomplish and what it results in.
The participants should make a presentation of the Kaizen Event to the company
management, to corroborate their acceptance and obtain a commitment for the dates
from everyone involved.
4.2 Role of the continuous improvement coordinator
4.3 Value Stream Management Team
A VSM Team is a croos-functional matrix organisation. The combined strength of
the members can produced extraordinary results than individual working alone cannot
do. The VSM Team consists of the following functions:
• Segment leader
• Production control
• Quality engineer
• Process engineer
• Kaizen Engineer
• Materials
When a new improvement project is identified and a VSM Team is required, the first
step before selecting the team members is to thoroughly understand the requirements
of the project. The following successive steps are to be completed:
• Project size by potential savings and benefits
• Technology requirements
• Manufacturing locations requirements
• Language requirements
• Type of services required
• Testing and inspection requirements
• Material management
• Potential internal and external deployment of the project
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The VSM Team process flow for a new improvement project is to have a kick-off meeting
with the team and review the objectives and expectations of the customer, both internal
and external if applicable. Once the kick-off meeting has been held, VSM Team reviews
the customer requirements and the process begin.
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Measure the value of CI
The absolute values of these operational measures can depend, among other factors,
on the volume of production of the company, the capacity used, the type of process, or
differences due to the complexity of products or time required to make them (Cua and
Schroeder, 2001). To be able to compare the degree of improvement between different
companies it is possible to select as dependent variable the percentage that represented
the improvement of the value of the relative indicator over the initial situation.
5.1 OEE
5.2 Quality
5.3 Changeover time
5.4 Productivity
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CH5 Kaizen Implementation strategy
6.1 TPM implementation
The TPM project is located into the strategic operational project for Takata in the
fiscal year 2015. The company has experienced an increasing demand of steering
wheels, accompanied by a higher pressure from customers and competitors. The
motive behind TPM implementation in TAKATA is to gain further improvements and
attend to problems like:
• low productivity which translates into overtime production
• high losses and wastages associated with the production system
• low skill and motivation levels of the worker-force
• high idle time at various production lines due to unplanned maintenance
6.1.1 Initial phases
Since the Die Casting and Foaming facilities and manufacturing processes were
equipment intensive, even small improvements in equipment performance could trans-
late into major competitive advantage. Moreover, through implementation of TPM the
synergy between maintenance and production department could have been improved.
The actual good implementation level of the 5S system in the company has been con-
sidered a basis for its proper application, with particular reference to the Autonomous
Maintenance activities.
The TPM implementation has started through a formal announcement by the Plant
Manager about the needed from the project. During this phase has been conducted
also a promotional campaign of TPM philosophy to employees through the distribution
of flyers like the one in the figure below.
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In the first period a series of meeting with management from the various depart-
ments interested by the project have been set. Those meeting were focused on the
following objectives:
• Grasping the processes and activities relevant for the TPM project
• Identification of pros and cons of the actual situation. In particular the scope
was to identify points which could have been strength for the project and which
aspect needed actions or improvements and in which phase of the project
• Gain a first feedback and commitment from responsible personnel
This assessment has been important to define an appropriate implementation
strategy which could better fit site specific needs and constraints. The situation in both
areas has several differences so has been clear from the beginning that the planning
phase would have had a critical impact on the project development. These differences
can be summarized as follows:
• Consistent differences in the data collecting system from the machine
• Different machine complexity
• Different 5S level
• Different structure of losses
Die Casting start with the implementation of Kobetsu Kaizen has been considered
the priority. This has been possible thank to a good automated data collecting
system. All the casting islands are equipped with a computer interface through
which the operator can insert data about downtimes and to record the cycle time
for each frame produced. This system has been however improved to allow the
project teams to perform the necessary analysis through the OEE breakdown
methodology (link the section).
Foaming focus on autonomous maintenance. This to take advantages to increase
the 5S level through the first stages of the implementation (initial cleaning
and improvement of the sources of contamination). Despite a good machine
availability the machine availability was affected mainly by the type of the
mould mounted in each station. In this way was difficult to performed focused
improvement activities on the machine so has been clear that measuring the OEE
by machine was not necessary.
Has been performed the Kickoff meeting in which the Plant Manager together with
functional managers participated. In this meeting has been illustrated to the TPM the
policy and the code of conduct for the project.
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Definition of the organizational structure
The project has been defined with a pyramidal structure to ensure the top-down
and bottom-up information flow during the project. At the top of the pyramid is
the Core Team which ensures that the TPM project is constantly in line with the
strategic objectives for the company. In the first period weekly review meetings has
been performed in order to speed up the implementation process. The Core Team is
composed by management level 3 from the interested department. It comprises:
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CH3 Description of Takata
Takata Corporation an independent supplier of automotive safety components and
systems. The company has relationships globally with the world’s leading automakers
in Europe, the Americas, and Asia. Its core business is the project and manufacturing
of:
• active safety systems: protect passengers directly: like seat belts, airbags, and
child restraints
• passive safety systems: new systems to prevent accidents from occurring in the
first place
To prevent the rise in the number of accidents accompanying the progress of mo-
torization, Takata has worked to achieve its dream of “a society with zero fatalities
from traffic accidents” by improving automotive safety systems. This has enabled
the company to enjoy a strong reputation for safety around the globe. At present,
Takata has 46 plants, including R&D, production, and sales centers in 20 countries
such as Japan, China, United States, Mexico, Germany, Brazil and Africa to name a few.
For management purposes, these locations are grouped into three regions: Asia, the
Americas, and Europe. By grouping these business locations this way, Takata is better
able to understand the needs of customers in specific regions and respond to their
requirements in a timely manner. For developing technology, Takata has established
three RD centers located in Japan, the United States, and Germany. The company
employees around 45000 people. In the latest fiscal year ended in March 2014 Takata
has generated sales for over 4,2 billion euro.
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7.1 History of the company
Takata launched its operations in 1933, as a maker of woven textile fabrics. In the
1950s, we began to develop seat belts for automobiles, and after that, we developed
airbags, child restraint systems and additional safety products.
In 1933 Takezo Takada establishes Takata Company, a textile manufacturer in Shiga
Prefecture. The firm uses its weaving technology to manufacture lifelines. In 1952 Stim-
ulated by American research on equipping cars with seat belts, Takata begins its own
research on using parachute technology to manufacture seat belts. 1960 Production
and sales of the first two-point seat belts begins. 1962 Public disclosure of Japan’s first
seat belt crash tests conducted in cooperation with the Ministry of Transport’s Technical
Research Institute and the National Research Institute of Police Science, ignites huge
public response due to extensive media coverage. 1963 Japan Installs the first dynamic
test facility to test our seat belt protection systems under real-world conditions in
Hikone and Takata embarks on mass production of seat belts as standard options. In
1977, we became the first company in Japan to begin the full-scale manufacturing and
marketing of child restraint systems.1976 Takata begins initial research on airbags and
starts developing child restraint systems. In 1980 Supplied 800 airbags to various U.S.
institutions, including police agencies, for use in an airbag fleet test program as part of
a safety campaign sponsored by the U.S. Department 1985 “Guardian®” child safety
seat receives the 1985 Product of the Year award from the U.S. National Independent
Nursery Furniture Retailers Association. 1988 Establishes Highland Industries Inc. in
the State of North Carolina, U.S.A. as a production base for textiles, airbags, and other
automobile interior components. Establishes production base in Europe in Northern
Ireland. European Component Company (ECC) begins production and sale of seat
belts in Europe. 1989 Acquires two U.S. companies, Gateway Industries, Inc. and Irvin
Industries, Inc. and begins assembly and manufacturing of seat belts and interior trim.
Establishes TK Holdings Inc. in North Carolina, U.S.A. 1990 Begins production and
sale of passenger seat airbags. Establishes Takata (Europe) GmbH in Germany. 1992
Establishes Takata Asia Pte Ltd (formerly Automotive Safety Systems Worldwide Pte
Ltd) in Singapore. 1994 Establishes TAKATA DE MEXICO, S.A. DE C.V. in Mexico to serve
the Mexican seat belt and airbag cushion markets. Establishes TAKATA-TOA CO., LTD.
in Thailand and begins manufacturing seat belts and airbag cushions. 1995 Establishes
TAKATA-PETRI (Sachsen) GmbH (formerly Takata (Sachsen) GmbH). 1997 Establishes
Takata (Philippines) Corporation in the Philippines and begins manufacturing seat belts
and airbag cushions. Establishes Takata Petri S.A. (formerly Takata do Brasil Autopecas
Ltda.) to serve the South American seat belt market. 1999 Establishes TAKATA CPI Sin-
gapore Pte Ltd in Singapore. 2000 Acquires PETRI AG, a major German steering wheel
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manufacturer, and establishes TAKATA-PETRI AG. 2002 Establishes Takata (Shanghai)
Automotive Components Co., Ltd. (formerly Takata (Shanghai) Safety Systems Co.,
Ltd.) in China and begins manufacture and sale of seat belts, airbags, and steering
wheels. Begins full-scale production of steering wheels at TAKATA-PETRI Romania
S.R.L. in Romania. 2003 Establishes Takata (Shanghai) Automotive Component Co.,
Ltd. and begins manufacturing airbags and steering wheels. 2004 Begins production
of seat belts at TAKATA-PETRI Romania S.R.L. in Romania. Begins production of airbag
fabric at TAKATA-PETRI Sibiu S.R.L. in Romania. 2005 Begins mass production of the
world’s first TWIN BAG, an advanced design of airbag. Establishes Takata (Changxing)
Safety Systems Co., Ltd. as inflator base in China. 2006 Listed in the First Section of
the Tokyo Stock Exchange. Begins manufacturing of the world’s first mass-produced
motorcycle airbags. 2007 Japan’s NHK public TV covers Takata’s airbags that protect
the head of pedestrians. These airbags were shown in the 2007 Tokyo Motor Show
and attracted considerable attention from the public. Establishes Takata Kyushu Cor-
poration’s Arita Plant in Japan. Establishes TAKATA INDIA PVT. LTD. in India. 2010
Establishes TAKATA-PETRI MAROC SARL in Morroco. Begins production of steering
wheels. Established TAKATA-PETRI Rus LLC in Russia Developed the world’s first Air-
belt for passenger vehicles; began fitting to mass-produced vehicles. 2011 Established
Takata Uruguay S.A. Airbag manufacturing plant in Uruguay, South America Received
an Automotive News PACE Award in the Manufacturing Process category Established
PT. TAKATA AUTOMOTIVE SAFETY SYSTEMS INDONESIA in Indonesia Established
Takata (Tianjin) Automotive Component Co., Ltd. in Tianjin, China, and began the
manufacture and sales of seat belts, airbags and steering wheels. Acquired BAE Systems
subsidiaries BAE Systems Safety Product Inc. and Schroth Safety Products GmbH, to
enter the aircraft safety arena and strengthen business in motor sport.
7.2 The steering wheels division
The steering wheel is the “key” to the look and feel of a car’s interior. In addition,
it must perform as expected. The advanced technology in Takata steering wheels
combines functionality, ease of operation and a design that conceals an airbag, achiev-
ing all its goals in a single, elegant solution. Takata has a fully integrated steering
wheel production system. We are able build up the steering wheel from the die-cast
magnesium inner frame to urethane foaming, leather wrapping, and final assembly. In
recent years, Takata has also offered aluminum and carbon fiber decorated steering
wheels, installed warmers on the wheel grip and other features to meet other needs
and requirements of our customers. Our high-quality steering wheels are produced
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Frame
Heating
Spokes
Rim (Grip)
Switches
Decorative Parts
Figure 7.1: Main parts of a steering wheel
to the same, strict global standards in Japan, Thailand, Germany, Romania, Mexico,
Brazil, South Africa, and China.
The main parts of the steering wheel are: • Frame. As the centerpiece to the
look and feel of a car’s interior, the steering wheel must have a sophisticated design.
At the same time, as a key element in vehicle drivability, the frame must not crack,
break, deform or impair handling in any way. In the uncommon event the driver’s
head or chest strikes the rim of the steering wheel, the frame portion is specifically
designed to absorb the force of the collision. • Polyurethane body. Takata uses in the
production of its steering wheels to offer optimal feel and comfort. Polyurethane is
a material that is scratch resistant even after being in use for a long period of time.
It features superior ease of processing, for a variety of types of texturing giving the
surface desirable patterns. It also can be colorized to provide various options to the
automakers. For these reasons, many cars are equipped with polyurethane steering
wheels. • Leather. Genuine leather is used in making the leather-covered portion of
steering wheels. At Takata, skilled leather crafters perform each of the tasks necessary
for wrapping the leather material around the wheel. A related task requiring even
greater skill is the making of the paper templates for designing the cut of the leather
wrap. It is necessary to use a single sheet of leather to wrap around the rim of the
steering wheel and the spokes of the wheel. To manufacture steering wheels with good
handling properties, it is also necessary to perform the stitching from the inside of the
steering wheel, in part because leather is a natural fabric where different sections may
have different stretching properties which, must be taken into account, when making
the paper templates. In view of these requirements, the sophisticated skills of seasoned
craftspeople are needed to successfully prepare the paper templates to incorporate,
the stitching method, the fit of the leather and the even alignment of the creases. The
principal methods of stitching are the Baseball stitch, the Z stitch and Zigzag stitch. •
Decorative parts and switches. Steering wheels can be outfitted with an automaker’s
emblem as well as switches for controlling audio and navigation systems. To provide
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various design accents, decorative parts can be attached in various colors and materials.
In general, decorative parts are made from extruded plastic, but in some luxury cars
the materials used may be carbon fiber or aluminum. Even when using these more
exotic materials, Takata has the sophisticated design skills and production capabilities
to make appearance seamless to the rest of the wheel.
7.3 The Die Casting area
Die casting is a metal casting process that is characterized by forcing molten metal
under high pressure into a mold cavity. The mold cavity is created using two hardened
tool steel dies which have been machined into shape and work similarly to an injection
mold during the process. The casting dies are internally manufactured in the TAKATA
tool shop accordingly to customers’ projects and requirements. Most die castings are
made from non-ferrous metals, specifically zinc, copper, aluminium, magnesium, lead,
pewter and tin based alloys. Depending on the type of metal being cast, a hot- or
cold-chamber machine is used. The casting equipment and the metal dies represent
large capital costs and this usually tends to limit the process to high volume production.
The actual average monthly production is about 500k frames per month. Manufacture
of parts using die casting is relatively simple, involving only four main steps, which
keeps the incremental cost per item low. It is especially suited for a large quantity
of small to medium sized castings, which is why die casting produces more castings
than any other casting process. Die castings are characterized by a very good surface
finish (by casting standards) and dimensional consistency. The Magnesium Die Casting
works in concordance with the safety regulations presented in SHOM (Safe handling
of magnesium). This process is critical from a safety point of view in fact the molten
magnesium explodes in contact with water, moisture, oil vapors and oxides. Therefore
the safety regulations in Die casting are extreme. In TAKATA Romania there are two
different casting areas, one for magnesium (DC-Mg) and one for aluminum frames
(DC-Al). In the DC-Mg area there are 13 casting island while the DC-Al area there are,
actually, 3 casting island. The production run on a continual basis with 3 shifts daily.
The metal ingots come from supplier on pallets covered in a plastic sheet to prevent
contact with humidity. The pallets are then stored in a ventilated room. Before feeding
the ingots into the furnace, these are pre-heated on a rack placed on top of the furnace.
This is necessary to prevent the contact of the melt with water and humidity.
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7.3.1 Types of frames
Depending on the casting components there are 5 types of frames produced: 1.
Full magnesium frames 2. Frames with steel bush 3. Frames with steel ring 4. Frames
with steel bush and steel ring 5. Frames with steel bush, steel ring and steel spokes
51
Chapter8
Figures test
dhisjoajppsjsapnsk
52 8. Figures test
D
IE
C
A
S
T
IN
G
C
/T
=
44
s
C
/O
=
60
m
in
3
sh
if
ts
28
80
0
s/
sh
if
t
2
!
14
d
ay
s
F
O
A
M
IN
G
C
/T
=
25
0
s
C
/O
=
45
m
in
3
sh
if
ts
25
80
0
s/
sh
if
t
3
L
E
A
T
.
W
R
A
P
.
C
/T
=
56
0
s
C
/O
=
0
3
sh
if
ts
25
80
0
s/
sh
if
t
10
F
.
A
S
S
E
M
B
L
Y
C
/T
=
2
10
s
C
/O
=
0
3
sh
if
ts
25
80
0
s/
sh
if
t
3
S
H
IP
P
IN
G
S
ta
gi
n
g
!
F
ra
m
es
20
00
0
!
F
oa
m
ed
S
W
80
00
!
S
W
10
00
!
S
W
50
0
0
D
ai
m
le
r
45
.0
00
p
cs
/m
o
P
al
le
t
=
60
p
cs
2
S
h
if
ts
P
R
O
D
U
C
T
IO
N
C
O
N
T
R
O
L
M
R
P
4
×
d
ai
ly
W
ar
eh
ou
se
R
eg
en
sb
u
rg
C
h
em
ic
al
s
A
ss
em
b
y
p
ar
ts
T
u
e.
a
n
d
T
h
u
.
A
lu
m
in
ii
S
ou
th
A
m
er
ic
a
A
lu
m
in
iu
m
in
go
ts
2
×
m
on
th
W
ee
k
ly
S
ch
ed
u
le
D
ai
ly
S
h
ip
S
ch
ed
u
le
14
d
ay
s
44
se
co
n
d
8.
9
d
ay
s
25
0
se
co
n
d
3.
5
d
ay
s
56
0
se
co
n
d
1
.3
d
ay
s
21
0
se
co
n
d
2
.2
d
ay
s
P
ro
d
u
ct
io
n
L
ea
d
T
im
e
V
al
u
e-
A
d
d
ed
T
im
e
=
29
.9
d
=
10
54
s
6
m
on
th
F
or
ec
as
t
w
ee
k
ly
fa
x
4
w
ee
k
fa
x
90
/6
0
/3
0
d
ay
F
or
ec
a
st
D
ai
ly
O
rd
er
53
AppendixA
A1 5S Standard
54 A. A1 5S Standard
Revision Date rev. Page
3 2014.11.23 1 of 1
Date 10-Feb-15 Descriere Zone
Revision 1 Created by Responsible
Start End
Shift 1 14:55 15:00
Shift 2 22:55 23:00
Shift 3 06:55 07:00
Nr. Responsible Time Frequency
1 operator 1 min. S
2 operator 1 min. S
3 operator 2 min. S
4 operator 1 min. S
5
Start End
Shift 1 14:40 15:00
Shift 2 22:40 23:00
Shift 3 06:40 07:00
Nr. Responsible Time Frequency
1 operator 5 min. W
2 operator 5 min. W
3 operator 9 min. W
4 operator 1 min. W
5
S - End of the shift D - Daily W - Last day of the week M - Monthly
When creating and checking the standard the following color codes must be respected:
-Material or location in process pr product nonconform
-Material or location which remain unchanged during operations
-Material in status free
-Material blocked (e.g. scrap)
KT-001 Kaizen and Training
Plant 14 / 08 Arad
5S Standard Form
Documents, samples and cans remove dast cloth
Floor cleaning sweep
cleaning
cleaning
cleaning
cleaning
cloth and cleaning solution
cloth and cleaning solution
cloth and cleaning solution
sweep
cloth
remove dast clothFixtures and shelves
Surface of the work table
Fixtures and shelves
Documents, samples and cans
Floor
Ensure that all 
unnecessary objects 
are kept away and 
identified accordingly
Ensure that all the items are identified 
and located in the appropriate place
Location Activity
Surface of the work table remove dast
5S Standard
S5 (Sustain)S1 (Sort) S2 (Set in order) S3 (Shine) S4 (Standardize)
Assembly table  Land Rover L405/L494
What has to be done!
Final Assembly
Shift leader
Activity Tolls
WEEKLY CLEANING PROGRAM
Ensure that the area looks 
the same as in the picture 
below
Tools
DAILY CLEANING PROGRAM
Ensure that the area and the 
equipment are clean
Location
Ensure that this standard is 
up to date and it is displayed 
in the appropriate location
Typematrix 
Quality alert 
Parts  for 
assembly 
protections 
Work Instructions 
C.I. control 
Trash can 
Input - 
preassembled SW 
Steering Wheels 
Dummy 
Standard 5S 
SW protections 
Temporary 
storage for 
assembled SW 
Screw 
Ready to pack 
SW 
Material for 
packing SW 
Scanner 
Steering wheels 
handbands 
Folder for 
documentation 
Parts for on going 
assembly 
Figure A.1: 5S Standard for a final assembly workstation
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Table A.1: Example of Kaizen Event agenda in Takata
Kaizen Workshop - Cost reduction in Foaming
TUESDAY, DECEMBER 16, 2014
Time Topics Responsible
Remarks
09:00 Introduction, Agenda and focus of workshop EMEA Director of Oper-
ations
09:20 Definition of 3 projects for analysis and participants Team
1 + 2
All
09:30 Gemba
• Team 1:
◦ Analyse Work Instructions and Process Sheets
for projects 1 + 2 + 3
◦ Analyse working schedule (AS400) and time
study in Foaming
◦ Analyse status of projects 1 + 2 + 3 in Foam-
ing computer
◦ Make general observations in Foaming
• Team 2:
◦ Prepare Time Study in Foaming for projects
1 + 2 + 3
All
12:00 Lunch
13:00 Present results of gemba walk Team 1 + 2
14:30 Presentation and discussion of output and productivity
figures in Foaming
• Overall
• Project 1 + 2 + 3
Foaming Production
Manager
15:00 Collection of improvement ideas regarding productivity
in Foaming
All (moderation: Coor-
dinator Continuous Im-
provement)
16:00 Presentation and discussion of scrap and rework figures
in Foaming
• Overall
• Project 1 + 2 + 3
Quality Manager
16:30 Collection of improvement ideas regarding scrap and
rework in Foaming
All (moderation: Coor-
dinator Continuous Im-
provement)
17:30 End
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